Associations between schizophrenia and four candidate genes were tested among Indian patients with schizophrenia and their parents (DSM-IV criteria, n = 179 families). Polymorphisms within the genes encoding the serotonin 2A receptor (HT2A), tryptophan hydroxylase (TPH), catechol-O-methyl transferase (COMT) and dopamine transporter (DAT) were thus investigated. Two polymorphisms each were analyzed at HT2A and TPH, enabling haplotype-based analyses using the transmission disequilibrium test (TDT) for these genes. No significant associations were detected. Pooled analysis of samples like ours may be necessary to definitively exclude putative allelic associations at these loci. Molecular Psychiatry (2001) 6, 220-224.
A significant genetic etiology for schizophrenia is well established, but the mode of inheritance is unknown. 1 If it is multi-factorial/polygenic, and the susceptibility conferred by any one locus is relatively small, prohibitively large samples may be required to detect linkage. 2 Consequently, it may be necessary to resort to casecontrol association studies. Association studies rely on the prediction that a mutation at a disease susceptibility locus or an allele at a tightly linked locus will be significantly more prevalent among cases compared with suitable controls. Several such studies have been conducted for schizophrenia, but consistent results have been infrequent. 3 Differential levels of ethnic admixture among cases and controls may partly explain the inconsistencies. Therefore, increased reliance has been placed on family-based studies such as the transmission disequilibrium test (TDT), in which transmission of alleles from heterozygous parents to affected offspring is examined. Significant deviation from the predicted equal transmission of parental alleles is suggestive of linkage disequilibrium. Even simplex families may be used for the TDT. 4 Recombination in succeeding generations dissipates the linkage disequilibrium between a disease mutation and an allele at a flanking locus. Therefore, successful detection of a genetic association requires examination either of the disease gene itself, or a polymorphism physically close to it. Hence mapping efforts focus on genes whose products have been implicated in pathogenesis and reliance has been placed on 'candidate genes'. From this perspective, monoamines such as dopamine and serotonin are plausible candidates for schizophrenia genesis. We have examined a selected list of genes involved in such neuronal pathways, described below. All these genes have been extensively analyzed among cases with schizophrenia and unrelated controls, but the results have been inconsistent. 3 In the present study, we evaluated these genes using the TDT in order to see if the discordant results could be attributed to stratification artifacts.
Serotonin 2A receptor
A T-C polymorphism at nucleotide 102 in the coding region of the serotonin 2A (HT2A) gene has been investigated extensively following the initial report among Japanese cases and unrelated controls. 5 Though several non-significant studies have since been reported, meta analysis of all published data suggested a significant association (odds ratio: 1.30 for presence of allele 2, 95% confidence interval, CI: 1.09, 1.51). Therefore, recent studies with smaller samples among Caucasian and non-Caucasians may have lacked adequate power. 6, 7 It is unlikely that the association is an artifact introduced by admixture, because TDT analysis among European families also reported a significant association (OR 1.84 for transmission of allele 2, 95% CI 1.14, 3.04). Interestingly, association was demonstrated using a relatively small sample yielding only 65 informative transmissions from heterozygous parents. Power estimates based on the meta-analysis of caseunrelated control samples suggested that over 1000 subjects could definitively test the association. 3 The pathogenic mechanism for the proposed association is unclear. The T102C allele does not lead to alteration of the amino acid sequence, suggesting that the primary association resides at a linked locus. Inten-sive screening of the coding and the promoter sequence for HT2A did reveal a bi-allelic polymorphism in the promoter sequence with which the polymorphism at position 102 is in compete linkage disequilibrium among Caucasians. However, the promoter polymorphism did not appear to have functional consequences in vitro. 8 Both polymorphisms were analyzed in the present study.
Tryptophan hydroxylase
Tryptophan hydroxylase (TPH) catalyzes the rate-limiting step in the synthesis of serotonin (5HT). Indeed, associations between intronic polymorphisms of the TPH gene and several psychiatric conditions have been reported. These include suicidality, bipolar disorder and alcoholism. 9 Since all these traits can occur at elevated rates among persons with schizophrenia, TPH is a plausible candidate gene for schizophrenia. We are aware of only one such study, which did not detect association with psychotic symptomatology in schizophrenia. 10 These studies used an intronic polymorphism. Other polymorphisms, including a polymorphism in the promoter sequence, have been identified. 11 The promoter polymorphism was also used in our sample.
Dopamine transporter
Reuptake of the dopamine into presynaptic terminals leads to inactivation of synaptic DA effects and is mediated by the dopamine transporter. A polymorphic 40-bp VNTR in the 3Ј untranslated region of human DAT mRNA has been reported. 12 To date, associations at this locus have not been reported among cases with schizophrenia and unrelated controls, 13 though an association with schizoid/avoidant behaviors has been reported. 14 
Catechol-O-methyl transferase (COMT)
COMT catalyzes the degradation of catecholamines and is therefore a plausible candidate gene for schizophrenia. The gene encoding COMT has been localized to 22q11. Microdeletions spanning this region cause the velo-cardio-facial syndrome (VCFS), which can present with features reminiscent of schizophrenia. 15 Direct evidence implicating the COMT locus has come from case-control association studies among Caucasian, Japanese and Chinese cohorts. 16, 17 Other studies have suggested an association with violent behavior among cases with schizophrenia. 18 These associations are plausible because the polymorphism investigated, a G→A transition at codon 158, is associated with a three-to-four-fold variation in COMT enzyme activity. 19 Moreover, TDT analysis among Chinese families supports the genetic association. 20 However, association was not detected in several other studies. 21, 22 The majority of association studies in schizophrenia have focused on Caucasian populations. Genetic analyses in other representative populations may usefully complement such studies not only to test putative associations, but also to identify novel mutations. The Molecular Psychiatry present study reports on a sample from Northern India. Mitochondrial DNA analysis suggests that North Indian populations are predominantly Caucasoid in origin. 23 Relatively low divorce rates raise the likelihood that both parents will be available among Indians-a desirable feature for TDT analyses. We have previously reported on an association study involving dopamine D3 receptor polymorphisms among families who form part of the present sample. 24 A total of 178 Indian families were available, of which both parents were available for 141 families. No significant associations were detected using the TDT for any of the polymorphisms. There was significant linkage disequilibrium between pairs of polymorphisms investigated at 5HT2A ( 2 = 635.61, 1 df, P Ͻ 0.0001) and TPH ( 2 = 51.55, 1 df, P Ͻ 0.001). There was no significant distortion in the transmission of haplotypes based on these polymorphisms (Tables 1-3) .
Thus, our analysis did not suggest an association at any of the loci examined, even though the sample is among the largest available. To overcome potential bias introduced by population substructure, we used parental alleles as controls. However, TDT analysis excludes non-informative parental genotypes, significantly reducing the available sample and introducing bias. For example, only 146 pairs of allelic transmissions were used for analysis of the T102C 5HT2A polymorphism (out of a total of 358 available parental pairs). Inclusion of haplotypes for this gene further reduced the number of families retained for TDT analysis. Similar results were obtained for the TPH gene, even though all four polymorphisms were moderately informative. Such exclusions may significantly increase the cost of TDT analysis. Therefore, complementary sampling designs, such as those using unrelated controls, may need to be considered for association studies.
It has not been possible to detect genetic associations with schizophrenia consistently, though several plausible results were published initially. The power of replicative samples is an important consideration. For example, the association at HT2A may require over 1000 cases and unrelated controls. 3 Power estimates for TDT-based analysis have been published. 25 The estimates are dependent on the relative risk, the mode of inheritance (MOI), the linkage disequilibrium between the disease gene locus and the marker, as well as the population frequency of the associated allele. Samples required for replication may be prohibitively large for relatively small genotype relative risks (GRR). For example, an association with GRR of 2.0 with a dominant MOI may require over 1800 families if population frequency for the associated allele is 0.5. 25 Such estimates are based on genome-wide analysis and thus require a relatively stringent significance level in order to correct for multiple comparisons. Less stringent values may be permissible in order to test previously reported associations. It is also possible that epistatic interactions between associated loci may require smaller samples. Even so, the GRR estimated from Haplotypes are listed by allelic status for the T102C polymorphism, followed by A1438G, using published nomenclature. 8, 28 Genotypes from 178 families were available for analysis of allele and haplotype frequencies. The allele and haplotype frequencies in the last two columns refer to the entire sample, including individuals not used for TDT analysis. Haplotypes are listed by allelic status for the TPH intron 7 polymorphism, followed by the A6526G polymorphism, using published nomenclature. 11 Genotypes from 169 and 168 families, respectively were available for these two polymorphisms. Genotypes from 159 families were used for the haplotype analysis. The allele and haplotype frequencies in the last two columns refer to the entire sample, including individuals not used for TDT analysis. Genotypes from 173 and 175 families, respectively were available for the COMT and DAT polymorphisms. Alleles were numbered as published. 12, 30 The allele and haplotype frequencies in the last two columns refer to the entire sample, including individuals not used for TDT analysis.
association studies using unrelated controls may not be detectable by samples such as ours. On the other hand, the required sample sizes may be difficult to ascertain at any one site. It may be necessary to pool results from several studies and in this context the present results are available for meta analysis.
In conclusion, TDT analysis among Indian families did not reveal significant associations with schizophrenia at HT2A, TPH, COMT and DAT. Significant numbers of families could not be used due to the requirements of the TDT. Larger, pooled samples may be necessary.
Subjects and methods

Clinical
Inclusion in the study required participation by individuals diagnosed with schizophrenia (DSM-IV criteria) as well as one or both of their parents. Though participation was also sought from affected siblings of probands, the present analysis describes only one affected sibling from each family. The probands were recruited from outpatient and inpatient settings in metropolitan New Delhi. Diagnostic information was obtained as described earlier. 24 There were 104 male and 75 female probands. Their mean age at onset, defined as the age when psychotic features first emerged, was 22.1 years (SD 6.3 years).
Laboratory
Following written informed consent, 10 ml of venous blood was drawn from each participant and genomic DNA isolated using the phenol-chloroform method. Published PCR-based assays were used for genetic analysis, using a PTC100 thermal cycler (MJ Research, Watertown, MA, USA) or a Geneamp2400 (Perkin Elmer, Foster City, CA, USA) for the TPH polymorphism. All PCR reactions were carried out using 100-200 mg DNA, 200 M dNTPS, 1.5 mM MgCl 2 , 20 M each of forward and reverse primers and 1 unit of Taq polymerase (Gibco-BRL, Grand Island, NY, USA) in a Table 4 . Except for the DAT polymorphism, all amplified products were digested using restriction endonucleases (see Table 4 ). DNA bands were visualized using ethidium bromide or silver stain following electrophoresis.
Statistical analysis
Individual polymorphisms were analyzed using the Monte Carlo Extended TDT (MCETDT). 26 The ETDT calculates three likelihood ratio TDT statistics: an allelewise statistic which assumes an allele-specific effect on transmission distortion, a genotype wise statistic which allows for an independent effect for each parental genotype and a goodness-of-fit statistic that assesses the adequacy of the allele-wise model compared with the genotype-wise model. Since P values based on asymptotic chi-square distributions may be inaccurate for multi-allelic markers, the MCETDT also uses Monte Carlo simulations to generate empirical P values for all three analyses. 26 This software excludes families where genotypes are missing or if it is not possible to deduce transmitted alleles. If one parental genotype is missing and the affected subject is homozygous, the family is also discarded from analysis. The computer package GENEHUNTER was utilized for the haplotype-based TDT analysis. 27 The Estimate haplotypes (EH) program was used to estimate disequilibrium between pairs of markers (http:linkage. rockefeller.edu/ott/eh.htm).
